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METHOD AND APPARATUS FOR 
DETERMINING SET VALUE OF WRITE 

CURRENT OF MAGNETIC HEAD 

CROSS-REFERENCE TO RELATED 
APPLICATION 

The instant nonprovisional patent application claims pri 
ority to JapaneseApplication No. 2006-144373 ?led May 24, 
2006 and incorporated by reference in its entirety herein for 
all purposes. 

BACKGROUND OF THE INVENTION 

Known disk drives include a disk drive that uses various 
media such as optical disks, magneto-optical disks, or ?exible 
magnetic disks. Among them, hard disk drives (HDDs) have 
come into wide use as the storage device of computers, and 
have become a storage device that is indispensable for the 
present computer systems. The application of HDDs is 
becoming wider and wider because of their excellent features 
not only for computer systems but also for moving-picture 
recording and reproducing apparatuses, car navigation sys 
tems, and as removable memories for use in digital cameras. 
HDDs are equipped with a magnetic disk on which data is 

stored and a head slider for accessing the magnetic disk. The 
head slider includes a head device for reading and/ or writing 
data from/to the magnetic disk and a slider on which the head 
device is provided. HDDs further include an actuator for 
moving the head slider to a desired position on the magnetic 
disk. The actuator is driven by a voice coil motor (VCM) to 
rotate about the rotation axis, thereby moving the head slider 
in the radial direction on the rotating magnetic disk. Thus, the 
head device section gets access to a desired track on the 
magnetic disk, and reads/writes the data. 

General HDDs change the write current of the head device 
portions with temperature. The holding power of magnetic 
disks decreases as temperature increases. The amount of pro 
jection of the head device portion to a magnetic disk increases 
with an increase in temperature, and thus, the distance 
between the head device portion and the magnetic disk 
decreases with an increase in temperature. Therefore, write 
current is generally set so as to decrease with an increase in 
temperature. 

Write currents relative to temperatures are determined in 
consideration of short writing due to current shortage, adja 
cent track interference (ATI) and so on. In other words, write 
currents are set so as to allow necessary writing (magnetiza 
tion transition) on a target data track and not to erase data 
written in adjacent data tracks. 

Furthermore, write currents are optimized for each head 
device portion so as to absorb variations in the performance of 
the head device portions (for example, refer to Japanese 
Patent Publication No. 10-334402 (“Patent Document 1”). 
Speci?cally, head device portions actually write data at dif 
ferent temperatures, and the written data is read by the head 
device portions. Accordingly, writing characteristics such as 
an overwrite characteristic and an error rate are measured at 

different temperatures. Thus, a write current at which an 
optimum overwrite characteristic and the error rate are pro 
vided at each temperature, is determined in consideration of 
the head disk contact and ATI. 

To make a correct determination of the write current rela 
tive to temperature for each head device portion, it is prefer 
able to measure the writing characteristics of each head 
device portion at different temperatures in an HDD operating 
temperature range. However, it needs much time and many 
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2 
facilities for measuring writing characteristics at different 
temperatures in the process of manufacturing HDDs. 
On the other hand, another method can be provided in 

which one temperature is selected from a plurality of tem 
perature ranges such as a low temperature range, a normal 
temperature range, and a high temperature range; writing 
characteristics are measured at the selected temperature; and 
the optimum write current at the selected temperature is used 
at another temperature in the corresponding temperature 
range. However, it is difficult for this method to set a write 
current for each temperature. Accordingly, an ef?cient and 
appropriate method for determining write current settings 
relative to temperatures for each head device portion is 
required. 

BRIEF SUMMARY OF THE INVENTION 

Embodiments in accordance with the present invention 
e?iciently determine the appropriate setting of the write cur 
rent of a magnetic head relative to temperature. According to 
the particular embodiments shown in FIGS. 1 and 4, a test 
computer 51 determines the set value of a write current as a 
function of temperature for each head device portion 12 from 
the relationship between a write current and an error rate. A 
test execution controller 231 sets a selected head device por 
tion 12 and a write current to an AE 13, and writes data on a 
magnetic disk 11 using the components in a HDD 1. The test 
execution controller 231 reads the written data, and the error 
rate of the data from an error correcting section 232. The test 
execution controller 231 repeats the same process with the 
write current varied. Upon completion of the measurement at 
the preset write currents, the test execution controller 231 
transfers the measurement data to the test computer 51. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic block diagram showing the overall 
structure of an HDD according to an embodiment of the 
invention. 

FIG. 2 is a graph of the relationship between temperatures 
and write currents of the HDD according to an embodiment of 
the invention. 

FIGS. 3(a) and 3(b) show a function and parameters for 
determining a write current from a measured temperature in 
the HDD according to an embodiment of the invention. 

FIG. 4 is a schematic block diagram of the components 
related to the process of determining a write current relative to 
a measured temperature from the relationship between the 
write current and its writing characteristic according to an 
embodiment of the invention. 

FIGS. 5(a) and 5(b) show examples of the relationship 
between write currents and measured error rates, according to 
an embodiment of the invention. 

FIG. 6 shows a graph that speci?es a write current relative 
to a measured temperature according to an embodiment of the 
invention. 

FIG. 7 shows a graph that speci?es a write current relative 
to a measured temperature according to an embodiment of the 
invention. 

FIGS. 8(a) and 8(b) show examples of the relationship 
between write currents and measured error rates, according to 
an embodiment of the invention. 

FIG. 9 shows a graph that speci?es a write current relative 
to a measured temperature according to an embodiment of the 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiments in accordance with the present invention 
relate to a method and an apparatus for determining the write 
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current of a magnetic head, and in particular, to a method for 
determining the set value of the write current that varies with 
temperature. 

According to an aspect of the invention, there is provided a 
method for determining the setting of the write current of a 
magnetic head, the current varying with temperature. The 
method comprises: measuring a writing characteristic value 
of the magnetic head to a magnetic disk at a plurality of 
different write currents; specifying the extent of the change in 
writing characteristic value relative to the write currents in a 
speci?ed write current range; and determining the setting of a 
write current in a speci?ed temperature range according to the 
extent of the change in writing characteristic value. This 
allows ef?cient and appropriate determination of a write cur 
rent relative to temperature. The determination of the setting 
of the write current includes determination of an actual set 
ting and a function that speci?es the actual setting. 

The writing characteristic value may be an error rate or a 
VGA gain. This facilitates determination of a write current 
more appropriately. In the determination of the setting of the 
write current, the extent of the change in a function indicative 
of the write current in the speci?ed temperature range may be 
determined according to the extent of the change in the writ 
ing characteristic value. This facilitates determination of a 
write current. 

The speci?ed write current range may include at least part 
of a write current range corresponding to the speci?ed tem 
perature range. This allows more appropriate determination 
of the extent of the change of the write current. 

In an example, the extent of the change in writing charac 
teristic value corresponds to the inclination of the approxi 
mate line of the plurality of measured writing characteristic 
values. This facilitates more appropriate determination of the 
extent of the change of the writing characteristic value. 

In an example, a write current at a reference temperature is 
?rst determined. In the determination of the setting of the 
write current, the extent of the change in a function indicative 
of a write current at temperatures higher than the reference 
temperature is determined according to the extent of the 
change in writing characteristic value. This facilitates appro 
priate setting of a write current in the higher temperature 
range which tends to cause trouble. 

In an example, the setting of the write current decreases 
with an increase in temperature. The extent of the change of a 
plurality of measurements of the writing characteristic value 
is speci?ed in the range lower than the write current at a 
reference temperature. The extent of the change in a function 
indicative of a write current at temperatures higher than the 
reference temperature is determined according to the extent 
of the change in the plurality of measurements. The extent of 
the change in the function indicative of the write current is 
determined so as to decrease with an increase in the extent of 
the change in the plurality of measurements. This facilitates 
appropriate setting of a write current in the higher tempera 
ture range, which tends to cause trouble because of its low 
current. 

According to another aspect of embodiments in accor 
dance with the present invention, there is provided an appa 
ratus that determines the setting of the write current of a 
magnetic head, the current varying with temperature. The 
apparatus comprises a magnetic head that writes data on a 
magnetic disk at a plurality of different write currents and 
reads the written data; a circuit that measures the writing 
characteristic value of the head on the data read by the head; 
and a controller that determines the setting of a write current 
in a speci?ed temperature range according to the extent of the 
change of the writing characteristic value relative to the write 
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4 
current in a speci?ed write current range. This facilitates 
appropriate determination of a write current relative to tem 
perature. 

In an example, the controller speci?es the extent of the 
change of the approximate line of the plurality of measured 
writing characteristic values in the range lower than a. refer 
ence write current. The controller determines the extent of the 
change of a linear function indicative of the setting of the 
write current in the higher temperature range corresponding 
to the reference write current according to the extent of the 
change of the approximate line so as to decrease with an 
increase in the extent of the change of the approximate line. 
This facilitates appropriate setting of a write current in the 
higher temperature range which tends to cause trouble. 

According to another aspect of embodiments in accor 
dance with the present invention, there is provided a method 
for determining the setting of the write current of a magnetic 
head, the current varying with temperature. The method com 
prises: measuring a writing characteristic value of the mag 
netic head to the magnetic disk at a plurality of different write 
currents; determining a write current at a reference tempera 
ture; and determining the extent of the change of a function 
indicative of write currents at temperatures higher and/or 
lower than the reference temperature according to the rela 
tionship between the measured writing characteristic value 
and the write current. This allows ef?cient and appropriate 
determination of the write current of a magnetic head relative 
to temperature. Preferably, the function indicative of the write 
current is a linear function that decreases with an increase in 
temperature; and the extent of the change of the function is 
determined according to the extent of the change of the mea 
sured writing characteristic value relative to the write current. 
This facilitates appropriate determination of the write current 
of a magnetic head relative to temperature. 

According to an embodiment of the present invention, the 
write current of a magnetic head relative to temperatures can 
be set ef?ciently and appropriately. 
An embodiment of the present invention will be described 

hereinbelow. For the purpose of clear description, the follow 
ing description and drawings have omission and simpli?ca 
tion as appropriate. In the drawings, the same components 
have the same numerals, and for the purpose of clear descrip 
tion, duplicate descriptions are omitted as necessary. Here, an 
embodiment of the invention will be described with a hard 
disk drive (HDD) as an example of a disk drive. In this 
embodiment, a write current and a writing characteristic 
value corresponding thereto are measured at a ?xed tempera 
ture. The relationship between temperature and the write 
current is determined from the relationship between the write 
current and the writing characteristic. This allows ef?cient 
determination of a write current suitable for the environmen 
tal temperature during operation. 

For easy understanding of the features of the embodiment, 
the overall structure of the HDD will be described ?rst. FIG. 
1 is a schematic block diagram of the overall structure of an 
HDD 1 according to the embodiment. As shown in FIG. 1, the 
HDD 1 includes, in an enclosure 10, a magnetic disk 11 which 
is an example of a disk on which data is stored, a head device 
portion 12, an arm electronics (AB) 13, a spindle motor 
(SPM) 14, a voice coil motor (VCM) 15, an actuator 16, and 
a temperature sensor 17 such as a thermistor. They are 

referred to as a head disk assembly (HDA). 
The HDD 1 includes a circuit board 20 ?xed to the outside 

of the enclosure 10. The circuit board 20 includes ICs thereon, 
such as a read write channel (RW channel) 21, a motor driver 
unit 22, a hard disk controller (HDC) and MPU integrated 
circuit (hereinafter, referred to as an HDC/MPU) 23, and a 
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RAM 24. The circuit components can be integrated to one IC 
or divided in two or more ICs. 

The SPM 14 rotates the magnetic disk 11 ?xed thereto at a 
predetermined angular speed. The motor driver unit 22 drives 
the SPM 14 according to the control data from the HDC/MPU 
23. The magnetic disk 11 of the embodiment has data record 
ing surfaces on both sides. The head device portions 12 are 
provided in correspondence with the recording surfaces. 

The head device portion 12 as an example of a head, is ?xed 
to a slider (not shown). An assembly of the head device 
portion 12 and the slider is referred to as a head slider. The 
head slider is ?xed to the actuator 16. In reading or writing 
data, the head slider levitates on the rotating magnetic disk 11. 
The actuator 16 is connected to theVCM 15, and rotates about 
the rotation axis to move the head device portions 12 (and the 
sliders) in the radial direction on the magnetic disk 11. 
The motor driver unit 22 drives the VCM 15 according to 

the control data from the HDC/MPU 23. The head device 
portions 12 typically include a write element that converts an 
electric signal to a magnetic ?eld according to write data and 
a read element that converts a magnetic ?eld from the mag 
netic disk 11 to an electric signal. There should just be one or 
more magnetic disks 11. The recording surface of the mag 
netic disk 11 may be provided on one or both sides thereof. 

The AB 13 selects one of the head device portions 12 which 
makes access to a corresponding recording surface among a 
plurality of head device portion 12, ampli?es (preampli?es) 
the signal reproduced by the selected head device portion 12 
with a ?xed gain, and sends it to the RW channel 21. The AB 
13 sends the recording signal from the RW channel 21 to the 
selected head device portion 12. The AB 13 has a register (not 
shown), and operates according to data set in the register. The 
HDC/MPU 23 sets data indicative of a head device portion 12 
to be selected, a lead bias, or a write current to the register of 
the AB 13. 

In the writing process, the RW channel 21 modulates the 
code of the write data supplied from the HDC/MPU 23, 
converts the modulated write data to a write signal, and sup 
plies it to the AB 13. In the reading process, the RW channel 
21 modulates the amplitude of the read signal supplied from 
the AB 13 to a predetermined value, extracts data from the 
obtained read signal, and decodes it. The read data includes 
user data and servo data. The decoded read data is supplied to 
the HDC/MPU 23. 

In the HDC/MPU 23, the MPU operates according to the 
microcode loaded on the RAM 24. As the HDD 1 is activated, 
the RAM 24 is loaded with the microcode that operates on the 
MPU and data necessary for control and data processing from 
the magnetic disk 11 or a ROM (not shown). 

The HDC is con?gured as a logic circuit, and executes 
various processes in connection with the MPU. For example, 
the HDC/MPU 23 performs processes necessary for data 
processing including management of the order of execution 
of commands, control of the positioning of the head device 
portions 12, control of the interface, and management of 
defects and also the overall control for the HDD 1. The 
HDC/MPU 23 of this embodiment sets a write current to the 
AB 13 according to the temperature measured by the tem 
perature sensor 17. This will be described later. 

The HDC/MPU 23 transfers the read data from the mag 
netic disk 11 which is obtained from the RW channel 21 to a 
host 51. The read data from the magnetic disk 11 is tempo 
rarily stored in the read buffer in the RAM 24, and then 
transferred to the host 51 via the HDC/MPU 23. The write 
data from the host 51 is temporarily stored in the write buffer 
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6 
in the RAM 24 via the HDC/MPU 23, and then transferred to 
the magnetic disk 1 1 via the HDC/MPU 23 at a predetermined 
timing. 
As described above, the HDC/MPU 23 sets the data indica 

tive of the head device portion 12 that accesses the recording 
surface and the data indicative of the write current to the AB 
13 for writing operation. At that time, the HDC/MPU 23 
acquires the temperature measured by the temperature sensor 
17 and sets a write current corresponding to the temperature 
to the AB 13. FIG. 2 is a graph showing preferred examples of 
the relationship between the temperature measured by the 
temperature sensor 17 and the write current. The HDC/MPU 
23 sets the write current expressed by the white circle in FIG. 
2, to the AB 13 according to each temperature. 
The X axis of the graph of FIG. 2 indicates the temperature 

and theY axis indicates the levels of the write currents set to 
the AB 13 which are different from an actual current. The 
level of each write current is an integer, which varies every 1° 
C. Since the set level indicates the set value of the write 
current, it will be described hereinbelow as a write current. 

In FIG. 2, the write current decreases monotonously with 
an increase in temperature. Since the set currents are discrete 
as described above, the same write current is set for a speci 
?ed temperature width (temperature range). The guaranteed 
operating range of the HDD of this embodiment is from 0° C. 
to 60° C. For the temperature range of 0° C. or less, the same 
write current is set, and also for the temperature range of 60° 
C. or more, the same write current is set. 
The graph of FIG. 2 shows different settings between the 

lower temperature range and the higher temperature range 
with 30° C. as a reference temperature (Tref). Speci?cally, as 
shown in FIG. 3(a), write currents are expressed as a linear 
function with an inclination a relative to temperature in the 
lower temperature range with respect to the reference tem 
perature Tref. On the other hand, write currents in the higher 
temperature range with respect to the reference temperature 
Tref are expressed as a linear function with an inclination [3 
relative to temperature. Since the write current is set as the 
level of an integer every 1° C., as described above, the actual 
write current takes a value approximated by the function. 
Typically, an integer that is obtained by rounding off the 
function at each temperature takes a set write current (the 
level of the write current set to the AB 13). 
As shown in FIG. 3(b), the HDC/MPU 23 has, as preset 

values, a write current Iw_Tref at the reference temperature 
Tref (30° C. in the example of FIG. 2), the inclination 0t of the 
functions in the lower temperature range, and the inclination 
[3 of the functions in the higher temperature range. The HDC/ 
MPU 23 calculates a write current from the set values accord 
ing to the temperature measured by the temperature sensor 
17. The HDC/MPU 23 then sets the data indicative of the 
write current (set level) to the AB 13. 
A method for determining a temperature-write current set 

value will be described. In the method of this embodiment, a 
write current relative to temperature is determined from the 
relationship between the write current and a writing charac 
teristic. In the preferred embodiment, a write current level 
(Iw_Tref) at the reference temperature Tref, an inclination a 
relative to temperature in the lower temperature range, and an 
inclination [3 relative to temperature in the higher temperature 
range are determined. This allows ef?cient and appropriate 
determination of a write current at each temperature without 
measurement of different many temperatures. 
The write currents for the head device portions 12 are 

determined in the process of manufacturing the HDD 1. In the 
process of manufacturing the HDD 1, the components are 
mounted in the enclosure 10 to manufacture the HDA. Spe 
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ci?cally, a head stack assembly (HSA) which is an assembly 
of the head slider and the actuator 16, the SPM 14, magnets of 
the VCM 15, and the magnetic disk 11 are mounted. The AE 
13 is ?xed to the actuator 16 in the process of manufacturing 
the HSA. After that, the circuit board 20 is mounted on the 
back of the enclosure 10 of the HDA to manufacture the HDD 
1. The components in the HDA and the circuit board 20 are 
connected by a ?exible cable extending from the enclosure 
10. 
As shown in FIG. 4, the assembled HDD 1 is connected to 

a dedicated tester (test computer 51), where parameters are 
set and adjusted, and the performance is tested before ship 
ment. In the setting and adjustment of the parameters, the test 
computer 51 registers parameters that determine write cur 
rents for the temperatures to the HDD 1. The HDD 1 that has 
passed the performance test is shipped as a product. 

This will be described speci?cally. As shown in the block 
diagram of FIG. 4, the test computer 51 sends an instruction 
to a test execution controller 231 which is a function in the 
HDD 1, and the test execution controller 231 makes a mea 
surement according to the instruction. The measurement is 
performed substantially at a ?xed temperature. Speci?cally, 
the test execution controller 231 measures writing character 
istic values for a plurality of different write currents. The test 
execution controller 231 then transfers the measurement data 
to the test computer 51. Part of the functions of the MPU and 
the HDC which operate according to a microcode functions 
as the test execution controller 231. 

The test computer 51 is an example of a controller that 
determines a write current which is the function of tempera 
ture on the basis of the measurement data acquired. In the 
foregoing example, the test computer 51 determines a write 
current (Iw_Tref) at the reference temperature Tref, the incli 
nation a of the linear function in the lower temperature range, 
and the inclination [3 of the linear function in the higher 
temperature range. This leads to a determination of the write 
current of the head device portion 12 relative to temperature. 
The test computer 51 transfers the determined parameters to 
the test execution controller 23 1. The test execution controller 
231 stores the acquired parameters into the management area 
of the magnetic disk 11. After shipment, the HDC/MPU 23 
determines a write current (write current set level) according 
to sensed temperature using the stored parameters. 

In a preferred embodiment, the test computer 51 deter 
mines the relationship between temperature and the write 
current from the relationship between a write current and an 
error rate. The HDD 1 writes data at different write currents 
with the head device portion 12, and reads the written data. 
The HDD 1 further measures the error rate of the read data. 
The measurement of the error rate is performed at a ?xed 
temperature, e. g., the reference temperature Tref. The error 
rate corresponding to each write current is transferred to the 
test computer 51. The test computer 51 determines the rela 
tionship between temperature and the write current set value 
from the relationship. 

Another preferred embodiment of the writing characteris 
tic to be measured is the gain of the variable gain ampli?er 
(VGA) of the RW channel 21. The RW channel 21 adjusts the 
gain of the VGA by auto gain control (AGC) to keep the input 
signal from the AE 13 at a ?xed level. In other words, the 
reading amplitude of the read element and the VGA gain are 
in inverse proportion. The test execution controller 231 can 
easily acquire the VGA gain by accessing the register of the 
RW channel 21. The test computer 51 can specify an appro 
priate relationship between temperature and the write current 
also from the relationship between the VGA and the write 
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current. It is also possible that a circuit other than the RW 
channel 21 has the VGA, and its gain is used. 
A method for determining a write current set value as the 

function of temperature for each head device portion 12 from 
the relationship between a write current and an error rate will 
now be described. As shown in FIG. 4, the test execution 
controller 231 acquires an error rate from the test execution 
controller 231, and transfers it to the test computer 51. An 
error correcting section 232 corrects the error using an error 
correction code (ECC) contained in the read data transferred 
from the RW channel 21, and transfers an error rate at that 
time to the test execution controller 231. 
Upon instruction from the test computer 51, the test execu 

tion controller 231 measures the error rates of a plurality of 
preset write currents. Speci?cally, the test execution control 
ler 231 sets a selected head device portion 12 and a write 
current to the AE 13, and writes data to the magnetic disk 11 
using the components in the HDD 1. Furthermore, the test 
execution controller 231 reads the written data, and acquires 
the error rate of the data from the error correcting section 232. 
The test execution controller 231 repeats the same opera 

tion with the write current changed. Upon completion of the 
measurement at the preset write currents, the test execution 
controller 231 transfers the measurement data to the test 
computer 51. The test execution controller 231 also executes 
the same operation on the head device portions 12. The func 
tions of the test computer 51 and the test execution controller 
231 can be designed as appropriate. For example, the test 
execution controller 231 may function as a controller for 
determining the relationship between temperature and the 
write current. 

FIGS. 5(a) and 5(b) each show an example of the relation 
ship between the write current and the error rate for a head 
device portion 12. An example of the error rate is a bit error 
rate (BER). The X axis indicates write currents, speci?cally, 
write current levels set to the AE 13, as shown in FIGS. 2 and 
3. The Y axis indicates a bit error rate (BER). The circles 
indicate actual measurements, while the dotted curve is an 
approximate function curve of the measurements. 

Here, the process of determining the inclination [3 at higher 
temperatures with respect to the reference temperature Tref in 
the example of FIG. 3 will be described. That is, the write 
current Iw_Tref at the reference temperature Tref and the 
inclination 0t in the lower temperature range are set to the 
same value preset for the head device portions 12. That is, the 
test computer 51 determines the preset write current Iw_Tref 
and the slope 0t in the lower temperature range as the param 
eters of the heads, and determines [3 from the measurement 
data. The write current Iw_Tref and the inclination a are 
determined at the designing of the HDD 1. Typically, the 
absolute value of the inclination in the higher temperature 
range is smaller than that in the lower temperature range. 

Problems due to inappropriate write currents are prone to 
occur in the higher temperature range. This is because lower 
write currents are used in the higher temperature range, caus 
ing a signi?cant effect of the variations of the head device 
portions. Speci?cally, if one default value is set, a head device 
portion cannot write to a magnetic disk at a necessary and 
suf?cient level in the higher temperature range, that is, suf? 
cient SER cannot often be obtained. Accordingly, it is impor 
tant to optimize the write current set value for each head 
device portion. 
The test computer 51 determines the inclination [3 accord 

ing to the extent of the change in the BER relative to the write 
current. Speci?cally speaking, it is preferable that the test 
computer 51 specify the extent of the change in the BER in a 
write current range corresponding to the higher-temperature 
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write current range. Accordingly, it is preferable that the write 
current range that speci?es the extent of the change in BER 
include at least part of the write current range corresponding 
to the higher-temperature write current range. Thus, the test 
computer 51 speci?es the extent of the change in the BER 
relative to the write current using a measurement lower than 
the reference write current Iw_Tref at the reference tempera 
ture Tref. This is because the write current in the higher 
temperature range is lower than the reference write current 
Iw_Tref. Here not all the measurements may be used. 

In the examples of FIGS. 5(a) and (b), the test computer 51 
calculates the extent of the change of the BER from four 
measurements less than the reference write current Iw_Tref. 
Speci?cally, the test computer 51 calculates the approximate 
line of four measurements by the method of least squares, and 
then calculates the inclination of the line. The four write 
currents may either contain a value smaller than an actually 
set write current or not. The test computer 51 may also deter 
mine the approximate line by a method other than the method 
of least squares. 

In this embodiment, the test computer 51 uses the inclina 
tion of the line as the extent of the change in the BER relative 
to the write current. The inclination of the BER in the example 
of FIG. 5(a) is larger than that in FIG. 5(b). The test computer 
51 determines the inclination [3 of the write current function in 
the higher temperature range according to the inclination of 
the BER. 

FIG. 6 shows three graphs having different inclinations [3 in 
the higher temperature range. The write currents in the lower 
temperature range lower than the reference temperature Tref 
are equal on the graphs. The test computer 51 sets an incli 
nation [3 whose absolute value is small to a head device 
portion 12 having a large absolute value of the inclination of 
the BER. In other words, the test computer 51 sets an incli 
nation [3 that changes gradually to a head device portion 12 
whose BER changes greatly relative to the write current. In 
contrast, the test computer 51 sets an inclination [3 whose 
absolute value is large to a head device portion 12 having a 
small absolute value of the inclination of the BER. In other 
words, the test computer 51 sets an inclination [3 that changes 
greatly to a head device portion 12 whose BER changes 
gradually. 

For example, as shown by the graph of FIG. 5(a), a head 
device portion 12 whose BER changes greatly writes at a 
write current following the graph a with a smallest inclination 
in FIG. 6. As shown in FIG. 5(b), a head device portion 12 
whose BER changes gradually writes at a write current fol 
lowing the graph c with a smallest inclination in FIG. 6. 

The large inclination of the BER (the absolute value of the 
inclination) indicates that the BER increases (worsens) 
greatly with a decrease in write current. Accordingly, wors 
ening in BER due to an increase in temperature is prevented 
by decreasing a decrease (the extent of change) in the write 
current with an increase in temperature. On the other hand, 
the small inclination of the BER indicates that an increase 
(worsening) in BER due to a decrease in write current is 
small. Accordingly, adjacent track interference (ATI) at high 
temperatures is decreased by increasing a decrease (the extent 
of change) in the write current with an increase in tempera 
ture. 

The inclination of the write current may be changed con 
tinuously with the inclination of the BER. Alternatively, sev 
eral values may be preset for the inclination of the write 
current, from which the inclination of the write current may 
be selected along the inclination of the BER. The set values on 
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10 
the inclination of the write current can be associated with 
different BER ranges of a speci?ed width. This also applies to 
the following description. 

The write current in the lower temperature range can also 
be determined by the same way as the above. Either the write 
currents in both the lower temperature range and the higher 
temperature range may be determined for each head device 
portion 12 according to the extent of the change in BER or the 
write currents in the higher temperature range may be set 
equal among the head device portions 12 and the write cur 
rents only in the lower temperature range may be set indi 
vidually. FIG. 7 shows an example in which both of the 
inclination [3 in the higher temperature range and the inclina 
tion a in the low temperature range are determined from the 
relationship between the BER and the write current. Graphs a, 
b, and c in the higher temperature range are the same as those 
shown in FIG. 6. 
The example of FIG. 7 shows three graphs d, e, andf in the 

lower temperature range. Preferably, the test computer 51 
determines the inclination a of the write current function in 
the lower temperature range using a speci?ed BER measured 
in a write current range higher than the reference write current 
Iw_Tref. For example, referring to FIGS. 8(a) and (b), the test 
computer 51 calculates the inclination of the approximate line 
from the four items of measurement data larger than the 
reference write current Iw_Tref by the method of least 
squares. 
The test computer 51 determines the inclination 0t of the 

write current function in the lower temperature range accord 
ing to the value of the inclination of the BER. The test com 
puter 51 sets the inclination [3 that changes gradually to a head 
device portion 12 whose BER changes greatly relative to the 
write current; in contrast, it sets the inclination [3 that changes 
greatly to a head device portion 12 whose BER changes 
gradually. 

For example, as shown by the graph of the FIG. 8(a), a head 
device portion 12 whose BER changes greatly writes at a 
write current following the graphf with the smallest inclina 
tion in FIG. 7. As shown in FIG. 8(b), a head device portion 12 
whose BER changes gradually writes at a write current fol 
lowing the graph d with the largest inclination in FIG. 7. Thus 
opposite characteristics such as an error rate or ATI can be 

balanced and an appropriate write current can be set to each 
head device portion 12. 
The above examples show that one inclination is deter 

mined in the lower temperature range or the higher tempera 
ture range. According to another preferred embodiment, write 
current functions expressed by a plurality of lines are used in 
the lower temperature range and/ or higher temperature range, 
and the inclinations of the lines are determined. Referring to 
FIG. 9, an example of determining two inclinations in the 
higher temperature range will be described. FIG. 9 shows the 
relationship between measured temperatures and write cur 
rents. A ?rst reference temperature Tref1 corresponds to the 
reference temperature Tref in FIGS. 3 and 5. 
The test computer 51 determines the inclination of the 

linear function from the ?rst reference temperature Tref1 to a 
second reference temperature Tref2 and the inclination of the 
linear function in the temperature range lower than the second 
reference temperature Tref2 from the relationship between 
the measured BERs and the write currents. Write currents at 
temperatures higher than a speci?c temperature max are 
equal, as in the foregoing example. When the write current 
Iw_Trefl at the ?rst reference temperature Trefl is a prede 
termined ?xed value, the test computer 51 can determine the 
inclinations of two functions by determining the currents at 
the second reference temperature Tref2 and the speci?c tem 
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perature max. Typically, the extent of the change at tempera 
tures lower than the second reference temperature Tref2 is 
smaller than that from the ?rst reference temperature Tref1 to 
the second reference temperature Tref2. 

The test computer 51 can determine two inclinations by a 
method similar to that described with reference to FIG. 5. For 
example, the test computer 51 determines the extent of the 
change of the measurements selected from the BER measure 
ments at currents lower than the write current lw_Trefl. The 
method for determination may be the same as that described 1 
with reference to FIG. 6. When the extent of the change in 
BER relative to the write current is large, the test computer 51 
decreases the absolute values of the two inclinations. When 
the extent of the change in BER relative to the write current is 
small, the test computer 51 increases the absolute values of 
the two inclinations. 

Alternatively, the test computer 51 divides the range lower 
than the write current lw_Tref1 into two, thus determining the 
extent of the change in BER in each range. From the extent of 
the changes, the test computer 51 can determine both the 
extent of the change at temperatures from the ?rst reference 
temperature Tref1 to the second reference temperature Tref2, 
and the extent of the change at temperatures lower than the 
second reference temperature Tref2. 

Although the invention has been described according to the 
embodiments, it is to be understood that the invention is not 
limited to those. For example, the relationship between the 
processes and the logical structure is not limited to the fore 
going embodiments. Designers can design a data storage 
device with ef?cient functions and circuit structure. In the 
above embodiments, the reference write currents lw_Tref1 
and lw_Tref are ?xed values equal for the head device por 
tions 12. The values may be varied with the extent of the 
change in BER. 

The extent of the change in BER is not limited to the 
approximate line of the points of measurement and may be 
speci?ed by another method. For example, it is also possible 
to specify an approximate curve function of all points of 
measurement and to use the inclination of a tangent at a given 
point or the mean value of the inclinations of tangents at a 
plurality of points as the extent of the change in BER. It is also 
possible to determine the inclination of the function of the 
write current in the higher temperature range from the value 
of the BER of a speci?c write current and to determine the 
inclination of the function of the write current in the lower 
temperature range from the value of the BER of different 
speci?c write currents. The function to specify a write current 
may not be a linear function but also be a curved function. In 
this case, the extent of the change in BER can be set to an 
appropriate value by changing the coef?cient of the function 
according to the extent of the change in BER. While the 
invention is useful particularly for HDDs, it may also be 
applied to other apparatuses that use a magnetic medium. 

What is claimed is: 
1. A method for determining a setting of a write current of 

a magnetic head, the write current varying with temperature, 
the method comprising: 

measuring, at a substantially ?xed temperature, at least two 
values of a writing characteristic of the magnetic head 
for data being read from a magnetic disk where the data 
was written to the magnetic disk at a plurality of differ 
ent write currents; 

calculating an extent of a change of the writing character 
istic based on the at least two measured writing charac 
teristic values relative to the write currents in a speci?ed 
write current range; and 
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determining the setting of the write current in a speci?ed 

temperature range according to the extent of the change 
of the writing characteristic. 

2. The method according to claim 1, wherein 
the writing characteristic is an error rate or a VGA gain. 
3. The method according to claim 1, wherein determining 

the setting of the write current, comprises: 
determining an extent of a change in a function indicative 

of the write current in the speci?ed temperature range 
according to the extent of the change in the writing 
characteristic, and 

determining the setting of the write current based on the 
function. 

4. The method according to claim 1, wherein 
the speci?ed write current range includes at least part of a 

write current range corresponding to the speci?ed tem 
perature range. 

5. The method according to claim 1, wherein 
the extent of the change in the measured writing character 

istic corresponds to an inclination of an approximate line 
calculated from the at least two values of the writing 
characteristic. 

6. The method according to claim 5, further comprising 
storing the inclination of the approximate line into a manage 
ment area of the magnetic disk. 

7. The method according to claim 1, wherein determining 
the setting of the write current, comprises: 

determining a write current at a reference temperature, and 
determining an extent of a change in a function indicative 

of a write current at temperatures higher than the refer 
ence temperature according to the extent of the change in 
the writing characteristic. 

8. The method according to claim 1, wherein 
the setting of the write current decreases with an increase in 

temperature; 
the extent of the change of the writing characteristic is 

speci?ed in a range lower than the write current at a 
reference temperature; 

an extent of a change in a function indicative of a write 
current at temperatures higher than the reference tem 
perature is determined according to the extent of the 
change of the writing characteristic at a range lower than 
the write current at a reference temperature; and 

the extent of the change in the function indicative of the 
write current is determined so as to decrease with an 
increase in the extent of the change of the writing char 
acteristic at a range lower than the write current at a 
reference temperature. 

9. An apparatus that determines a setting of a write current 
of a magnetic head, the write current varying with tempera 
ture, the apparatus comprising: 

a magnetic head that writes data on a magnetic disk at a 
plurality of different write currents at a substantially 
?xed temperature and reads the written data; 

a circuit that measures at least two values of a writing 
characteristic of the head based on the data read by the 
head, wherein each writing characteristic value corre 
sponds to one of the plurality of different write currents; 
and 

a controller that determines the setting of the write current 
at a certain temperature within a speci?ed temperature 
range according to an extent of a change of the measured 
writing characteristic calculated from at least two values 
relative to the write current in a speci?ed write current 
range. 
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10. The apparatus according to claim 9, wherein 
the writing characteristic of the head is an error rate in the 

read data or a VGA gain in reading data. 
11. The apparatus according to claim 9, wherein 
the controller determines an extent of a change in a func 

tion indicative of the write current in the speci?ed tem 
perature range according to the extent of the change in 
the measured writing characteristic. 

12. The apparatus according to claim 9, wherein 
the speci?ed write current range includes at least part of the 

write current range corresponding to the speci?ed tem 
perature range. 

13. The apparatus according to claim 9, wherein 
the controller speci?es an extent of a change of an approxi 

mate line calculated from at least two values of the 
writing characteristic in a range lower than a reference 
write current; and 

determines an extent of a change of a linear function 
indicative of the setting of the write current in the higher 
temperature range corresponding to the reference write 
current according to the extent of the change of the 
approximate line so as to decrease with an increase in the 
extent of the change of the approximate line. 

14. The apparatus according to claim 9, wherein the extent 
of the change of the measured writing characteristic corre 
sponds to an inclination of an approximate line calculated 
from the at least two values of the measured writing charac 
teristic. 

15. The apparatus according to claim 14, wherein the con 
troller stores the inclination of the approximate line of the 
measured writing characteristic into a management area of 
the magnetic disk. 

16. A method for determining a setting of a write current of 
a magnetic head, the write current varying with temperature, 
the method comprising: 

measuring, at a substantially ?xed temperature, at least two 
values of a writing characteristic of the magnetic head 
for data being read from a magnetic disk where the data 
was written to the magnetic disk at a plurality of differ 
ent write currents; 

determining a write current at a reference temperature; and 
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determining an extent of a change of a function indicative 

of write currents at temperatures higher and/or lower 
than the reference temperature, the function based on at 
least two values of the measured writing characteristic in 
a speci?ed write current range. 

17. The method according to claim 16, wherein 
the function indicative of the write current is a linear func 

tion that decreases with an increase in temperature; and 
the extent of the change of the function is determined 

according to an extent of a change of the measured 
writing characteristic based on the at least two values of 
the measured writing characteristic relative to the write 
current. 

18. The method according to claim 16, wherein the extent 
of the change of the function indicative of write currents 
corresponds to an inclination of an approximate line calcu 
lated from the at least two values of the measured writing 
characteristic. 

19. The method according to claim 18, further comprising 
storing the inclination of the approximate line into a manage 
ment area of the magnetic disk. 

20. An apparatus that determines a setting of a write current 
of a magnetic head, the write current varying with tempera 
ture, the apparatus comprising: 

a magnetic disk storage device comprising: 
a management area, wherein the management area 

stores a pre-determined function for setting the write 
current at a measured temperature, the function gen 
erated by: 
measuring, at a substantially ?xed temperature, at 

least two values of a writing characteristic of the 
magnetic head for data being read from a magnetic 
disk where the data was written to the magnetic 
disk at a plurality of different write currents; 

calculating an extent of a change of the writing char 
acteristic based on the at least two measured writ 
ing characteristic values relative to the write cur 
rents in a speci?ed write current range; and 

determining an extent of a change of the function 
based on the extent of the change of the writing 
characteristic. 

* * * * * 
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